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使用 400 keV Ne2+, 2.7 MeV

















原料粉末在 1 000 ℃下去结晶水后，按 1:2和 1:1的两
种摩尔比混合，分别置于罐中球磨 4 h，之后将混合后
的样品压片，并置于 1 200 ℃的烧结炉中烧结 24 h。然
后将第一次烧结后的样品研磨成粉，压片成型，分别
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离子剂量率为 1.6×1011 ions/cm2·s，辐照离子为 800
keV Kr2+。







值，分别为 25, 25, 28 eV。图 1是 800 keV Kr2+，辐




时，位移损伤达到最大值 0.54 dpa(displacement per
atom)，然后随着辐照深度的继续增大，位移损伤不






图 1 (在线彩图) 800 keV Kr2+在 2.0 ×1014 ions/cm2
剂量下辐照烧绿石结构Lu2Ti2O7的 SRIM模拟图
2.3 GIXRD测试
由图 1的SRIM模拟结果可知，800 keV Kr2+的
































中，X射线扫描步长 0.02◦，每步停留时间 2 s，每个样




图 2(a)和 (b)分别为Lu2Ti2O7 和Lu2TiO5 经 800
keV Kr2+辐照前与辐照后的GIXRD谱图，辐照剂量









在图 2(a) 中，辐照剂量为 5×1012 ion/cm2 时，
Lu2Ti2O7的结构变化不大，但其特征峰 (222)p, (400)p,
(440)p等均向左移动，表明烧绿石结构正在发生晶格肿
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图 2 (在线彩图) Lu2Ti2O7(a)和Lu2TiO5(b)经 800 keV Kr
2+辐照前与辐照后的GIXRD谱图
胀。随着剂量增加到 2×1013 ions/cm2 时，特征峰













当 辐 照 剂 量 达 到 1×1014 ions/cm2 时，特 征
峰 (222) 周 围 形 成 了 非 晶 漫 射 峰，表 明 在 此 剂
量下Lu2Ti2O7 已经出现非晶相变，我们通过拟
合GIXRD谱图的方法计算得到此时Lu2Ti2O7样品中
的非晶含量约为 3 554%。在此剂量之后，特征峰 (222)
停止左移，Lu2Ti2O7的晶格肿胀不再继续。当离





征峰 (222)， (400)， (440)等随辐照剂量的增加均逐
渐左移，表明Lu2TiO5 和Lu2Ti2O7 一样在辐照下发
















达到 0.012 5 dpa (对应辐照剂量为 5.0×1012 ions/cm2)
之前，辐照引起的Lu2Ti2O7和Lu2TiO5的晶格肿胀随
损伤的增大而增大，且二者的晶格肿胀有着相同的增




为 1.4% 和 0.65%。位移损伤大于 0.05 dpa后， 二者的
图 3 (在线彩图)两种材料在 800 keV Kr2+辐照下产生
的晶格肿胀随位移损伤的变化
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晶格肿胀程度都不再增加。其次，在辐照剂量达


































小的趋势。当有 50% 的阳离子交换位置 (25%Lu3+，
25%Ti4+，此时反位达到 100%) 时Lu2Ti2O7 中的阳
离子达到完全无序，晶格肿胀达到最大值。这与
图 4中∼0.05 dpa(对应的剂量为 0∼2×1013 ions/cm2)
时Lu2Ti2O7 的晶格肿胀变化相符；另一方面，通过
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Radiation Damage of Lu2Ti2O7 and Lu2TiO5 Ceramics
Caused by Kr Ion Irradiation
FU Shangchao, ZHANG Jian†, XIE Qiurong, YE Cheng, GUO Qixun
(College of Energy, Xiamen University, Xiamen 361102, Fujian, China )
Abstract: Titanate are one of the important candidates for solidifying high-level radioactive nuclear waste
(HLW) and lanthanide (Plutonium) due to its excellent physical and chemical durability. Polycrystalline Lu2Ti2O7
and Lu2TiO5 ceramic materials were prepared by a conventional ceramic sintering process, then the samples were
irradiated with 800 keV Kr2+ at room temperature, and were subsequently characterized by GIXRD method.
In the two kinds of samples, lattice swelling was observed firstly, and then amorphization phase transition took
place. However, the lattice swelling of Lu2Ti2O7 is greater than that of Lu2TiO5. In addition, when Lu2Ti2O7
and Lu2TiO5 were irradiated to a fluence of 2×1014 ions/cm2, the amorphous content of Lu2TiO5 sample reaches
95.54%, while the amorphous content of Lu2Ti2O7 sample is only 74.66%. The first-principle was used to calculate
the lattice swelling of Lu2Ti2O7 with increasing of anti-sites concentration. The results show that the lattice
swelling of Lu2Ti2O7 before amorphization is mainly caused by the cation anti-sites. While the pristine Lu2TiO5
is a disordered fluorite structure, so that no cation anti-sites will contribute to the lattice swelling of Lu2TiO during
the ion irradiation process. Therefore, the lattice swelling of Lu2TiO5 is lower compared to that of Lu2Ti2O7.
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